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Introduction
Soy sauce is a representative Japanese seasoning known worldwide. Soy sauce is classified into five (Koikuchi, Usukuchi, Tamari, Sashikomi, and Shiro) according to Japanese Agricultural Standard (Kataoka, 2005) . Typical Koikuchi soy sauce involves the fermentation of soybeans and wheat in a 1:1 ratio. A variety of biological functions have been reported for Koikuchi soy sauce, including the blood pressurelowering effect of nicotinamine (Kinoshita et al., 1993) and the arteriosclerosis-controlling activity of polyamine. In contrast, the main raw ingredient of Tamari soy sauce is soybean, with wheat as a minor ingredient (Kataoka, 2005) . The physiological effects of Tamari soy sauce are not well understood.
Soy sauce is not only a delicious seasoning, characterized by a mellow odor and taste, but exhibits a number of physiological activities, such as an antioxidative effect (Aoshima and Ooshima, 2009 ), blood pressure-lowering effect, and an action that alleviates allergic symptoms (Kobayashi et al., 2004 , Kobayashi, 2005 . The aim of the present study was to refine 1-[5-(Hydroxy-methyl)furan-2-yl]-9H-pyrido [3,4-b] indole-3-carboxylic acid (Flazin) from the main body of collected soy sauce (Gessner et al., 1988) and to examine the cellular effects of this compound.
Flazin was first separated from sake lees as a crystal during the manufacture of synthetic sake (Gessner et al., 1988) and has been found to exhibit strong fluorescence (Li et al., 2011) . Flazin was also discovered as a cluster of dark green microcrystals in rice vinegar during a research study on soy sauce (Gessner et al., 1988) . The structure of Flazin was determined by Nakatsuka et al. (1986) . Flazin comprises tryptophan and 5-hydroxymethyl-2-furfural, and is generated through processes of oxidation and dehydration. It was later discovered as a metabolic product of a marine microorganism (Shaaban et al., 2007) .
The aim of this study was to examine the physiological function of Flazin. The results demonstrate that Flazin from Tamari soy sauce inhibits the proliferation of human promyelocytic leukemia cells at least in part due to its apoptotic activity against the cells.
Materials and Methods
Regents The soy sauces used in the present study were a gift from Sanjirushi Corp (Japan). HL-60 cells, which are human promyelocytic leukemia cells, were obtained from the three replicates. The concentration of Flazin was 65.1 ± 15.9 μg/mL in Koikuchi soy sauce and 232.0 ± 18.4 μg/mL in Tamari soy sauce ( Fig. 1) . Flazin was purified from Tamari soy sauce in subsequent experiments.
Structure analysis by NMR and LC-MS The HPLC-purified compound was identified as Flazin by comparing the results of the present structural analysis with the known Flazin structure. The cell suspensions were then incubated for 24 h in a CO 2 incubator. Untreated cell suspensions were used as negative controls. Cell proliferation was determined after 3 h using a kit (CCK-8 kit, DOJINDO, Japan) and absorbance was measured at 450 nm using a microplate reader (BIO-RAD, Model-550, Japan). Experiments were performed in triplicate.
Preparation of Flazin
The diethyl ether extraction sample from each soy sauce was analyzed using highperformance liquid chromatography (HPLC; JASCO CO., Japan). Each sample was dissolved in 6 M urea, then filtered (DISC-13HP, ADVANTEC, Japan). HPLC separation was conducted using an ODS column (Nacalai, Cosmosil 5C18-AR, ϕ 4.6 mm × 150 mm) eluted at 0.5 mL/min with a linear gradient of 1 -100% acetonitrile over 30 min. Eluted compounds were detected at 220 nm. Since Flazin is known to be light sensitive, all experiments were performed in the dark.
Assay of Flazin-induced apoptosis
Flazin-induced apoptosis was examined in HL-60 cells with the TUNEL assay using a DeadEndTM Fluorometric TUNEL System (Promega, Japan) according to the manufacturer's instructions. Cell density was adjusted using RPMI medium (1.0 × 10 5 cells/slide). Flazin (100 μL/well) was added and the cells were incubated for 24 h in a CO 2 incubator. DNA ladder detection experiment Cells (2 × 10 5 cells/35-mm dish) were incubated for 24 h with 100 and 300 μg/mL (324.5 μM and 973.5 μM) Flazin. As a positive control, cells were treated with 50 μM Etoposide (SIGMA). Untreated cells incubated for 24 h served as a negative control. DNA ladder detection was conducted according to the manufacturer's instructions using an Apoptotic DNA Ladder kit (Roche, Japan). The experimental data are shown as mean values ± SEM.
Results

Comparison of the amount of Flazin in each soy sauce
The individual soy sauces were analyzed and the amount of Flazin was calculated from the Flazin peak area after adjusting for density. The results are expressed as the average of fect on cell proliferation and to provide preliminary data on the mechanism of action of Flazin. The suppression of HL-60 cell growth was remarkable (IC 50 = 20.0 μg/mL; 64.9 μM). Microparticles from apoptotic HL-60 cells contain diverse nucleic acid species, indicating translocation of both nuclear and cytoplasmic DNA and RNA as particle release occurs during death (Reich and Pisetsky, 2009 ). Both TU-NEL assays and DNA ladder detection experiments indicated an apoptotic effect of Flazin on HL-60. Flazin apparently causes the nucleus to break into nucleosomal units, due to the degradation of DNA. It remains to be clarified at what stage apoptosis occurs due to mitochondrial dysfunction. Flazin specifically inhibited the proliferation of HL-60 cells. This inhibition may be due, at least in part, to its apoptotic activity on the cells. However, the exact mechanism of HL-60 apoptosis by Flazin must await further study. consistent with those previously reported (Nakatsuka et al., 1986 , Shaaban et al., 2007 , Su et al., 2002 .
Cell proliferation experiment The effects of Flazin on the proliferation of different cells are shown in Figure 2 . The inhibitory effect of Flazin on HL-60 cells was remarkable. The IC 50 of Flazin for various cell lines was: HL-60: 20.0 μg/ mL (64.9 μM); HeLa: 158.0 μg/mL (512.7 μM); and VSMC: 290.3 μg/mL (944.0 μM).
Examination of apoptotic activity The effect of Flazin on HL-60 cell apoptosis was examined using the TUNEL method (Fig. 3) . Apoptosis was observed in HL-60 cells treated with Flazin at concentrations of 100 μg/mL (324.5 μM) and 300 μg/mL (973.5 μM).
DNA ladder detection experiment The results of the DNA ladder detection experiment are shown in Figure 4 . A DNA ladder band was confirmed from cells treated with 100 μg/mL and 300 μg/mL Flazin (324.5 μM and 973.5 μM).
Discussion
The bioactivity of soy sauces has been reported in detail (Kataoka, 2005) . Many types of soy sauce bioactivity have been reported, such as that of nicotinamine, which decreases blood pressure (Kinoshita et al., 1993) . However, the biological function of Flazin from soy sauce has not previously been described. HPLC analysis of Flazin extracted using diethyl ether revealed a 3.6 fold higher Flazin content in Tamari soy sauce (232.0 ± 18.35 μg/mL) compared to that in Koikuchi soy sauce (65.1 ± 15.85 μg/mL). Flazin is generated by Lactobacillus during soy sauce fermentation. Tamari soy sauce is known to have a higher concentration of soy material than Koikuchi soy sauce because Tamari soy sauce is made from mostly soybean, with very little wheat added. Therefore, by utilizing other microorganisms and adjusting the fermentation process, the manufacture of soy sauce with higher Flazin content is likely possible.
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